ported that the lumen-to-bath Cl Ϫ flux, which presumably indicates apical AE and basolateral Cl Ϫ -channel activities, was increased by these factors, too [6]. In our The kidneys play a pivotal role in acid-base homeostaprevious article, we reported that the function of ␤-intersis, and acid-secreting (␣ type) and bicarbonate-secreting calated cells is regulated by the cAMP-dependent path-(␤ type) intercalated cells in the collecting ducts are major way [7]. In that study, we measured intracellular pH (pH i ) sites for the final modulation of urinary acid secretion [1].
fined by peanut lectin binding, are regulated by cAMP protein kinase A (PKA) pathway. The apical anion exchanger (AE) in ␤-intercalated cells is thought to be involved in the and isoproterenol. The first evidence of isoproterenolsecretion of bicarbonate into urine. In isolated cells, the Cl -dependent activation of ␤-intercalated cells was prechannel was shown to be activated by isoproterenol via the sented by Schuster [5] , who showed that isoproterenol PKA pathway. The importance of the PKA pathway and phosand cAMP stimulate HCO 3 Ϫ secretion by the rabbit corphorylation in the regulation of its transporter activity is not tical collecting ducts perfused in vitro. It has been reyet known.
ported that the lumen-to-bath Cl Ϫ flux, which presumably indicates apical AE and basolateral Cl Ϫ -channel activities, was increased by these factors, too [6] . In our The kidneys play a pivotal role in acid-base homeostaprevious article, we reported that the function of ␤-intersis, and acid-secreting (␣ type) and bicarbonate-secreting calated cells is regulated by the cAMP-dependent path-(␤ type) intercalated cells in the collecting ducts are major way [7] . In that study, we measured intracellular pH (pH i ) sites for the final modulation of urinary acid secretion [1] .
with 2Ј,7Ј-biscarboxyethyl-5(and -6)carboxyfluoresceinThese intercalated cells are regulated by several humoral acetoxymethyl ester (BCECF-AM) in the in vitro microfactors and in vivo and in vitro acid-base balance. It has perfused tubules. The ␤-intercalated cells were identified been shown that isoproterenol, cyclic adenosine monoby FITC-peanut lectin. Isoproterenol or 8-bromine (Br)-phosphate (cAMP), and the protein kinase A-dependent cAMP was added to the bath, and the changes in the pathway regulate transporter functions of ␤-intercalated pH i were measured. The pH i of ␤-intercalated cells was cells, such as activities of basolateral Cl Ϫ channel and acidified by these factors, indicating that either the apical apical anion exchanger (AE).
AE or the basolateral Cl Ϫ channel was stimulated. In the absence of luminal Cl Ϫ , however, this regulation by ISOPROTERENOL AND cAMP INCREASES isoproterenol and cAMP was abolished, suggesting that TRANSPORTER ACTIVITIES OF apical AE could be activated by these factors (Fig. 1 ).
␤-INTERCALATED CELLS
In other cell types, regulation of cell function by isoIn ␤-intercalated cells, which are present in the cortical proterenol, cAMP, and the protein kinase A (PKA)-collecting ducts of the kidney, three transporters are dependent pathway also have been reported. , and its localization has been revealed by immuthe sorted cells were cultured for two to four days. These nohistochemical studies [13] . On the other hand, apical ␤-intercalated cells were primary cultured, and the ef-AE in the ␤-intercalated cells exhibits several differences fects of isoproterenol and cAMP on chloride current were in its transporter characteristics, such as its relative resisexamined. Isoproterenol activated channel activity, and tance to 4,4Ј-diisothiocyanostilbene-2,2Ј-disulfonic acid this effect was abolished by the ␤1 sympathetic receptor (DIDS) [14] , which inhibits AE1. Furthermore, since imblocker atenolol [10] . In addition, the effect of isoprotermunohistological studies with a specific antibody directed enol was not additive to the effect of cAMP, indicating against the band 3 protein have not shown positive stainthat isoproterenol exerts its effect via the PKA pathway.
ing on the apical membranes of ␤-intercalated cells [4, 13], Furthermore, our previous study showed that this reit has been suggested that this apical AE is a transporter sponse of cultured ␤-intercalated cells was abolished by that is distinct from AE1. For a long time, the molecular a PKA inhibitor. These series of experiments show that nature of this apical AE had not been elucidated. To a apical AE and basolateral Cl Ϫ channel are stimulated clarify a role of the PKA-dependent pathway on the by isoproterenol via a PKA-dependent pathway. It is regulation of apical AE activity at a molecular level, we suggested that phosphorylation of this channel may be succeeded in molecularly cloning this AE [15] . Sorted involved in this action of isoproterenol.
␤-intercalated cells were used as a source of mRNA for reverse transcription-polymerase chain reaction (RT-MOLECULAR CLONING OF APICAL AE IN PCR) cloning with degenerate primers [15] . Since the ␤-INTERCALATED CELLS details of our cloning strategy have been reported in our previous article, the detailed procedure for molecular The ␣-intercalated cells possess H ϩ -ATPase and an cloning is not described here. The nucleotide sequences AE on the apical membrane and the basolateral membrane, respectively [1]. This basolateral AE in the ␣-interobtained from mRNA of sorted ␤-intercalated cells were 3164 and 3116 bp in length and contained open-reading dependent pathway and phosphorylation in the regulation of its transporter activity. frames of 2865 and 2817 bp, respectively. The shorter form (AE4b) of the cDNA lacked 48 bp of the longer form (AE4a), which was considered to be derived from SUMMARY alternative splicing. The proteins predicted for AE4a
In ␤-intercalated cells, bicarbonate-secreting cells in and AE4b were composed of 955 amino acids and 939 the collecting ducts, isoproterenol, and cAMP regulate amino acids, respectively, and AE4a showed 48 and 34% transporter activities. In isolated cells, the Cl Ϫ channel sequence identities with human sodium bicarbonate cois activated by isoproterenol via the PKA-dependent transporter (NBC) 1 and rabbit AE2, respectively. The pathway. Newly cloned AE4, which is presumably an topology showed a marked similarity to that of the AE apical AE of ␤-intercalated cells, has a PKA consensus and NBC superfamily [16] [17] [18] . In the region homologous motif, and its AE activity is increased by cAMP. The to the AE-consensus DIDS-binding motif [19] , KLXK importance of the PKA-dependent pathway and phos-(where X is I, V, or Y), AE4 has the sequence KMLN phorylation in the regulation of its transporter activity (amino acids 517 to 520), and there are a few PKA and should be revealed in the near future. insensitive.
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